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The object of this work \ma to co — e nce an investigation ^oee 
ultioate aljc would be to quantitatively relate the naxiBua atresa in 
a ship's panel xmder unifem tension to the aaouint cf deflection 
Initially present in that panel. The results of stKrh an investigation 
nay prevlde infomation related to ship failure and nay further pro- 
vide plating deflsctinn criteria for shipbuilders. 

The nethod of testing was as follows! 

1. An 18" X 6" X 1/8” stiffened panel, representative of 
ship's plating, was constructed and welded to pulling neaibers 
adapted to fit a 3C'C,CC0 pound tensile testing nachins. One of 
the two panels tested was plane, the other had deflection 
roughly eqml in nagnitxide to the plate thickness. 

2. Sr^ rectangulsr rosette strain gages were utilised 
to obtain the strain pattern on both sides of the plate. 

3. The samples ware then tested, strain readings taken 
at loads fron 2C,0CG to 14C,CC0 pounds at 20,CC0 pound incre- 
Bents . 

Calculations were perfon»ed to obtain the psittem of 
principal strains existing on the plates. The teat results were then 
codified to represent a condition f unifone strain along the edge. 

The results showed that the points of Baxiaisa deflection ef the 
distorted plate suppoirted very little of the load, while very high 
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«xist«d A«ar th» ttirfaners. TM* did not appear to ba tha 
caaa for tba plana panal* It uaa eonslderad that tha raaxQta of tha 
two taita conductad did not jlald sufflclant Inforaatlon ta quantl- 
tatlvaly ralata straaa distribution and Initial daflactlon. 

Racomandatlona for futiura work Includad tha following suggaatlonat 

1* Construction and tasting of noi*a sarplas of varying 
anounta of daflactlon and aspact ratio. 

2. Investigation of tha possibility of nodlfylng tha 
daslgn of tha pulling nanbars to obtain a nora unlfom load 
condition at tha adga. 

3. Intagrstlon of straas curves at adga and canter of plate 
to verify test data. 

4. Eventually preparation of plots of bsxIkur daflactlon 
to plate thickness ratio vanua ratio of naxlnRBB stress to 
unlfont stress along plate edge. 
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I mTROOUCTIOW 



Th« tlenlfleant noab«r of failures of aerchant and naral reatsl 
structures la recent /ears hare led to aasjr Inrestlgatlons Into the 
eauses of these failures. Chi pa<e 10 of reference (1) It vae con- 
cluded that, "The fractures la welded ships were caused notches 
and bgr steel which was notch sensltlre at operating taapsratares. 

Vfhen an adrerse eoablnatloa of these occurs the ship naj he unable 
to resist the bendlac aeaeats of aoraal ssrrlee". Votches, whose 
presence Is considered necessary to Initiate failure aajr be oausod in 
sereral ways. Ketches resulting froa fabrleatlon or Inadrertently built 
Into the design (as at hateh comers) hare been prerlously considered. 
High stress concentrations la a localised area of ship's plating aay 
cause a looal fracture which nay fora the notch needed to Initiate 
failure. 

A theoiy adranoed to the authors by Krofesser J. H. Krans, of 
Massachusetts Institute of Technology relates the rarlatlen In stress 
concentration to the aaouat of Initial bulge la the panel between 
stiffeners of a section of ship plating. Suppose, for ezaaple. Initial 

f 

bulge exists In a section ef a transrersely fraaed ship's hull. In 
addition let us assuae that the section Is In tension (as a section of 
the botton shell would be with the ship sagging). The section of the 
plating containing the bulge will be unable to assuae Its apportioned 
share of the load until the defleotlon Is reaored. The section of the 
plating adjacent to the longitudinal aeabers will therefore recelre and 
aalntala a disproportionately hl|^ part of the load. It Is eoncelrable 
that the high stresses dereloped could cause cracking, and subsequent 
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fallur*, iB this vgion b«for« th« distorted ■•ctioB bogBn to carrjr 
Its portion of the lead. 

Sersral Inrestl^atlons hare Included o'bserratlons which tend to 
snhstantlnte the forefolnc Ideas. The authors' research has not 
disclosed enjr work which relates Initial defomatlon to stress 
distribution. The Adairnltj Ship Veldlae Coawlttee reports of the 
full scale tests on the WeTsrlta . lewcorbla . Ocenn yulcea . and Clan 
Alrlae are rerlewed bj Turnbull In reference ( 2 ). The flndln^ts of 
Interest to this report are well suaaarlted In Tlfture I, (reproduced 
froa reference 2 ). The stresses la the waj of the longitudinal 
stiffeners of the welded ship for both ho^/;iac and sai^^la^ are aueh 
greater than the stresses clear of that stiffening. Note that this 
Is not as true for the case of the rlweted ship. The report states: 

"The unfairness of the bottoa plating between fraaes clear of the 
longitudinal stiffening in the welded Ocean Tulcaa was In general 
about double that of the rlweted sister ship*. Thus the difference 
In stress froa the center of the panel to the stiffeners would be 
expected to be less in the rireted ship than in the case of the welded 
ship. 

These obserratlons Indicate that It is probablj true that initial 
distortion has an effeet on stress concentration. That this effect 
Is great enough to initiate ship failure has not been deteralned. The 
Idea aotiratlng the authors was to coaaence an InTestlgatlon whose 
ultlaate nla would be to quant i tat iwely relate the aaxiaua stress in a 
ship's plate under unifom tension to the aaoont of bulge initially 
present in that plate. It is felt that the results of this inrestigation 
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FIGURE I 



Distribution of longitudinal stressas for bottoB 
shell plating amidships for merchant vessels. 
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OBJ proTldc InforsAtion rvlatcd to ihlp failar* and najr furtbar 
proTid* plating d«fl«etioB criteria for ehipbuilderi. 



II PROCgPUM 



Hfl P^fio ft T»tt.Sf9UM 

Th« datlcn and eonctractlon of th« taaploi to^ethar vlth tba 
•alactlaa of tho tostini^ aaehino ware tba firat problaaa faced. It 
was oonaidarad deairabla to teat a aaapla repraaantatlra of ahip'a 
atlffanad plating. Tba daaipi of the teat aactlaa waa foramad bj 
aararal practical conaidaratlona. The thlncaat plate that It waa 
eonaidarad practical to weld bj the eonrantional eontlnuoaa procaaa 
vaa 1/B Inch thick. The lonxltudlaal atiffanara ware aalactad to pro- 
Tlda adaquata atlffnaaa with tha alnlaua croaa-aactlonal area. The width 
of tha aaapla, 24 lachaa, waa than dataralnad Igr tha 300.000 pound 
capaeltj of tha tana 11a taatln^ aaehlna arallabla. Tha fracture load 
of tha Machine waa llaltad to 325.000 pounda. Thla corraaponda to an 
araraco atraaa of 50.000 p.a.l. for tha aaapla aa daalenad. Longitudinal 
atiffanara ware than placed 18 Inchaa apart. Tha dlatanca between trana- 
raraa atiffanara waa aat at 6 Inchaa to elra an aapact ratio of 3:1 
Inalda tha atiffanara, oonaidarad to bo a rapraaantatlwa ralua. 

Tha apaclaan conatruetad for taatla^ la llluatratad In JlgixT9t 
II and III. It eonalata of the teat panel to which are welded tha 
pulling aanbara. Tha 13” z 24” teat panel la conatruetad of l/6 Inch 
aadlun tanailo ataal. alnlaua tanaila atrancth 60,000 p.a.l., aaxlaua 
carbon content 0.31:^, Tadaral Specification N-48»S->5, Orada M. Tha 
transraraa an^aa arc 1^” x x 3/l6” and tha Intarcoatal lon^tudinal 
anflaa are 1-3/8” x 7/8” z 3/16”. Tha an/^la aatorlal la Federal 
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FI&URE S 
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FIOUM III 

Test Section and Pulling Meacberi 




I 



i 



t 



i 





Specification K-46-S-I, Grade M« l^e A, hoWrolled carbon tteel, 
alalauM tensile etren^h 60,000 p.e.l. 

2.2 Dealg' af the Pallia Me«t>ere 

Adapting the epeclnen to he fitted Into the Javt of the testing 
Michlne and at the eaae tine prorldln^ a condition approaching unlfom 
tension aloof the length of the test section vers the controllinf 
factors la the deslfn of the polllof nenbers. The design of these 
units Included the followlnc features: 

2.2.1 A 24 Inch loaf, 8 Inch thick steel plate Is voided to the 
epeclnen. This relatlrel 7 thick plate vns selected to help transfom 
the essentlallj point load of the nachlns to a unlfom tensile load at 
the sasple. 

2.2.2 1/4 Inch fi^sset plates were fitted to assist la obtalnlnf 
the unlfom tension desired. 

2.2.8 The 5^” z 3” dlnensloas at the pnlllnf aenber head save 
adequate cross-sectional area to transalt loads up to 300,000 pound 
Halt of the aachlne. This area was mduced as the vertical neaber 
approached the sajsple. This saifely reduced the velfht of the pulllivf 
nenbers, since the lost area was supplied by the fusset plates. 

2.2.4 The pttlllnf nenbers were constructed of the sane naterlal 
as the l/6 Inch plate. 



and Pullinz Magberi 



The design provided for a welded Joint between test section and 
pulllnf nenbers. The connection vas nade so that the neutral axis of 
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th« polllB^ Msbtr colDCidtd with th« nwutral ajclt *f th« plat*- 
ttlfftnvr coablnutlon. Thl* was don* to *llBin*t* b*ndlnc *■ aaoh 
•• WA* pottibl*. 

2 . A y*brl**tlon 

Th* eonttrnctioa of th* g«apl*i wm ond*rta)c*n bj th* Shipfltt*r 
Shop of th* loitoa Fitral ShipTard, Boston, Massachus«tts. Th* fabrl- 
catloa proe*t* u»«d for eonstruotlea of the andlstortod SMpl* was as 
follows* Th* saapl* was Aeg/gti. down and th* void d*i>oslt*d around th* 
las id* of th* stlffsnsrs asiai; a block and backstop soqaoncs. Th* 
saa* procoss was r*p*at«d aroond th* oatsid* of th* stlffoaors. It 
was orl4(iaall7 dooidod to attoapt to Introdac* distortion Into th* 
saaplos bj Tarjrln^ th* w*ldlnc s*qo*nc*. It was found that th* tm- 
supportod lon^th botvoon transrors* stlffonors was not £r*at onou^ to 
allow distortion of th* dapth doslrod. It was flaall/ d«cld*d to h*at 
a saapl* with an 0X7-ae*t7l*n* torch, if hoatlnc **d air oooliuf th* 
eontor soctlon of th* sp«cia*n it was posslbl* to latroduc* th* daslr*d 
aaount of distortion In th* plating. It Is ostlaatod that th* saapl* 
did not oxcood a teaporatur* of 1700 ** T durlnc th* procoss, so that It 
Is consid*r«d that th* aotallurfleal stnictur* of th* stool did not 
chanc* froB Its prowlous condition. 

ZxSt Contour Hoasiirina: P*vlc* 

In ordor to Boasur* the distortion of th* saaplos a contour b*b- 
surln^ d«Tlc* was constroctod. (So* 71^r* IT), it consists of four 
brass l*£s whoso rortloal h«leht any b« adjustod by B**ns of throadod 
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Contour Measuring Device 
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bate piece*. On the cjrllndrlcal eupporte between the les* rldee a 
horizontal earria^ vhoae poiltlon can be rarled alon^ the length 
of theea eupporte. On the earrie^e 1* a holder for a dlal-xa^^ which 
eaa be aored back and forth on the carriage. The aeaeurin^ proceee 
coneiete of firet adjuatiac the plane of the aeaaurinc dewice parallel 
to the theoretical plane inoludiac the four pelnta of Interaection of 
the atiffenera on the unatiffened aide (henceforth referred to aa the 
reference plane). Thia can be done aa lon« aa the plan* haa not twiated. 
The aaount of diatortion in the panel between atiffenera ia than 
aeaaured. A contour aap can then be prepared with the data obtained. 

2.6 Prenaration of Panel 1 wnl Xcuipaent for Teat 

It waa decided to uae a relatirol/ plane eaaple for the firat teat. 
The panel aeleeted, heaceforth referred to aa Panel 1. waa detonaiaed to 
be within ± 0.003 incbea of the reference plane. 

The atrain ga^a aaledted to aeaaure the plate atraina were laldwia 
$1>4 Type A&.1. Theae are reotaagular (45^) roaettea, whoae ceaponeat 
gage len^ha are 13/16 inch. Boaettea wore aolected becauae it waa 
deaired to deteraine the angle between the axia of principal atrain and 
the axia of pull. The location of the roaettea ia depicted in Figuroa 
T and TI. The gage locationa on the atiffenod aid* are drawn aa if the 
panel were traaaparent and aa obaerrar were looking through froa the 
unatiffened aid*. The gage locations war* selected to atteapt to obtain 
an 0 T*r-all picture of the atrain distribution. Oagas on the edge wore 
located to deteraine if unifora tension along the edge was obtained Sknd 
if wjwmmtxj about the center of the panel waa realizable. Particular 
interest in the nature of the strains near the atiffenera is reflected b/ 
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Location of itfaia oaocs on ATiFfeneo sioe of panel one 
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th« locations of 3, 7, 24, 23, 19, and 18. 

Th* l^uastlon of obtaining rapid, reliable, readings on the strain 
indicator unit (a Baldvin SB-4 Indicator Box, '^rpe K) was the next pr»- 
blea faced. The 27 rosettes neoessitated 81 readings. The only 
switchiac unit arailable ca]>able of handling that nuaber of gages was 
a rotary-switch unit. Variable contact resistanos was found to exist 
during preliainary testing. The aagnituda of this rariable resistance 
introduced errors teo large to be tolerated (in soae cases resistance 
changes neasured sereral holered aicro- inches per inch), d switching 
unit (Figure TII) was constructed consisting of 41 double-throw, single- 
pels, copper tcnife switches of 25 aapere rating. These switches 
reproduced readings within 10 aicro-inches per inch daring preliaiaary 
tests. 



3.7 Test of Faaal 1 

The Bachlne upon which this test and the test of Panel 2 was 
conducted was a Seuthwartc-laery hydraulie type testing aachiae, capacity 
300,000 pounds, N. 1. T. ferial 105. The control panel for this aachiae 
is shown in Figure VIII. The sacple aountad in the aaehine is pictured 
in Figure IX. 

The following procedure was employed for the teat of Panel 1. 

2.7.1 The saaple wes cycled by raisiag the load to 5000 pounds 
and returning to tero load until consecutire sero readings were re- 
peated. 

2.7.3 The load was raised to 30,000 pounds and the readings ea all 
gages recorded. This procedure took about 35 ainutes. 
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2.7.3 Keftdiu^a wcr« rc^««t*d «t Ioaus of 40|030, 60, COO, 60,000, 
100,000, 120,000, And 140,000 pounds. 

2.7.4 Th« lOAd was slowly Iscx-aasod until the ssnyle fractured. 

The followlBg rlsual obsenrations were noted durinc tills testi 

2.7.5 At 155^000 pounds load the sample begin to creep noticeably 
and it was no loncer possible to take a set of strain ga^e rcaditers. 

2.7.6 As the load increased tt.e ^risontal portion of the piuling 
mosbers bowed noticeably, the ^Ad.e section of the pulling • ember e7> 
periencing greater deflection than the ends. 

2.7.7 The trensrerse stiffeners bowed considerably at ^96,000 ..ounds. 
The bowing was such tixt t.-e edge of the stiffener welded to the ^late was 
concave. 

2.7.6 The we-ded eoges ef the longitudinal stiffeners were au.eo bowed 
concave.y* T'te free e^es of t e piste bowed in the op osite -lirecticn. 

2.7.9 At 207, OJO pe-onds the sample failed, tt>e failure appari«rjta.y 
starting at a notc>. located on t.we free edge of the plate. 

2.6 Preporatioo and Test of Psjiel 

Panel 2 was a staple dirtorted b; the heating process previously 
described. Figure X represents a contour map of the sample. Figure 
n is a transverse section through t e center of Panel 2. 

The strain gSm« locations on Psnel 2 wore altered as a result of 
the ercperlence gained In conducting tdhe first test. Ths gege config- 
urstion is shown in Figures XII and XIII. The important changes aret 

2.8.1 More gages vere placed on both sides of the test section 
to obtain a better oicture of the strain gradient. 

2.8.2 Gages were pieced on both tides of one edge of the eSa<?le 
to get s better picture of the edge loading. 

2.8.3 Six Sr.-4, Type A-1 inlaxlal gsges were placed on the o«%l- 



tudinal itiffoners. 
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Th« prooadur* ideatlcallj follovad th« proecdar* of paragraph 3.7* 

Tba following rloual oYiiorratloni wara aada: 

3.S.4 Tba apaciaan atartad to eraap at about 155,000 pounda. 

2.t.6 Tba dlatortion of tha horizontal portion of tha pulling 
aaabara and transTaraa atlffaoara waa not aa graat aa for Panal 1. 

2.1.6 7allura oceurrad at 209,000 pounda along tha wald batwaan 
pulling aanbar and plata. 

Ztl Strati-Straln Curra 

A atraaa-atraln curra (Tlgura ZXT) for tha aatarlal of tha plata 
waa praparad utilising a atandard tana 11a apaoinan for 1/6 Inch ataal 
plata, aa found aa Jiipira 3 on paga 376 of rafaranca (3). 

2ilg—J^^h,9A flf 

Tha sMthod of aaadyaia for both aaaplaa waa Identical . Tha 
object of tha procadura maad waa to obtain a atraaa picture at tha center 
of tba aaatlon with a unlfora tanalla load on tha edge. Tha follawlng 
atapa wara taken: 

2.10.1 Xoaatta calculatlona for nagnltuda and direction of principal 
atralna wara obtained froa tha teat data (aaa Appendix, Tablaa I and II). 

(A strain of 9460 nlera-lachaa par Inch should be added to all readings 
proeaadad bgr *A”). Tha aaquanca calculations appear In Tables III 
throng XTl of tha Appendix. Basults of tha calculations showing nagnltuda 
and direction of principal strains are Included aa Tables ZVII and ZTIII 

of tha Appendix. 

2.10.2 A plot of principal strains Tarsus stations was than nada. 
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FIGURE 3IE - . . 

STRESS -STRAIN CURVE FOR STEEL OF TEST TANEL 
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Th« nuji'bar of a station !• dafinad as tha dlatanea in Inohaa froa 
tha laft ad 4 ^ of tha panel with tha flaa^aa of tha tranararaa 
atlffanara polntlac downward aa an ohaarrar looks at and throuch tha 
unatlffanad slda. A canre waa than dram as Inc arlthaatlc Man 
of strain raadinc* oo opposita sides of tha paaal. Tigoras XY and 
XTl raprasaat tjpieal oarras for loads of 40,000 and 120,000 pounds 
on Panal 1. Yiguraa XTII and XYIIl are tha curras for tha sum loads 
on Panal 2. 

2.10.3 Mart tha croas-curras (Piguras XIX - XXXIl } for saran 
stations cn anch plata were praparad. Tha points for a particular 
station wera obtained hp plotting naan strain at that station rarsus 
tha load at which that strain occurred. Tha strains used wars tha 
raluas read froa tha plota of paragraph 2.10.2. Two curraa for each 
station were than drawn; ona daploting edga strain rarsus load, the 
othar cantar of plata strain rareas load. These curras wars falrad in to 
alniaiea arrors aada in the construction of the curras of paragraph 3.10.2. 

2.10.4 It was now possible to construct the stress and strain 
pattern at the center of tha plata for a unlfom tansila loading on tha 
edga. Unlfom strains of 500, 1000, 1500, and 2000 alcro-lnches per 
Inch ware selected. For each station the corresponding center of plata 
atmln wae plotted against station nuabar. Tha resulting curra rapresanted 
cantar of plata strain for unlfom strain at tha edge. The stress 
pattern was then plotted froa tha atress-stmin relationship of Figure 
XIT. Tha unifom tension curres are included aa Figures XXXIIl - XXXYI 
for Panal 1 and Figures XXXfll - XL for Panal 2. 
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Ill IttCULTS 



Th« retult* of this inrotti^fttlon ara aunmarltad Iqr tha 
unlfona strain curves, Flyuras XXXI 1 1 - XXXTI for Panel 1 and 
FlSuras XXXTII - XL for Panel 2. 

Posttlts of Tasii oa Panel 1 

Tha curves depicting tha lower values of uniform strain 
(Flares XXXIIl and XXXIT) show a fairly uniform strain dis- 
tribution across the center of the panel, 'his strain Is about 
1.5 times the unifora strain at the edce. 

At 1500 micro-inches per Inch uniform strain (Fl/nire XXXY) 
the strain distribution across the panel Is uniform with the ex- 
ception of the large strain at station 10. Tha average strain ncross 
the center (excluding the reading at station 10) la about twice the 
edge strain. 

At 2000 micro-inches per Inch (Figure XXXYl ) the strain at 
station 18 la again higher than the strain at the other stations. 
Station 20 Is not plotted since the cross-curve did not give a value 
oorrespondlng to this edge strain. 

8.3 Befults of Test an Paael 2 

At 500 micro-inches per Inch uniform strain (Figure XXXVII) the 
center section shows a fairly uniform strain pattern about equal in 
magnitude to the edge strain. 

The strain In the center section corresponding to 1000 micro- 
inches per Inch uniform edge strain shows a decided variation from a 
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onifora pattern (tee figure XXXVIII). The highest strain is oh- 
serred closest to the stiffeners where it reaches a ralae of fire 
tiaes the edge strain. 

figures XXXIX and XL (corresponding to 1500 and 2000 aicre- 
inchas per inch strain respectirelj) show siailar strain patterns. 

The strain is high near the longitudinal stiffener, goes to a 
ainiaua, rises at the center, hits another lev point, and rises te 
another high as it approaches the other longitudinal stiffener. The 
Talne of the aaxiaua strain point plotted, at station 19, is about 
four tiaes the 1500 aicre-inch per inch unifora edge loading and fire 
tiaes the 2000 aicre-inch per inch uaifora strain. 
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There are tvo points that should he nentlonad before eobartclnK 
on • c*nsral discussion of the strain patterns determined corrss* 
ponding to unlfora tensile losdln£. 

4.1 Surface Strain 

All of the strain curre drawn represent aTerace, or heart-ef- 
plate, ralnes for the panels concerned. A study of the strain 
patterns as deterained on the panel surfaces theaselres is necessary 
to the understanding of the phononena which occurred during the tests. 

The strain isa^s on the ed^e of the plate showed corres- 

pondence for both panels. The strain for both sides Increased in 
proportion to the increasing load and the flases in corresponding 
positions indicated strains close enou^ in nafnitude to indicate that 
tension and not bending was the principal condition. In the sane fashion 
the center of plate strain on opposite sides of Panel 1 showed eood 
correspondence. On Panel 1 d and 22, S and 21, and 6 and 30 

were in corresponding locations on opposite sides of the panel. At 
the 120,000 pound load, for ezaaple, the ratio of the principal strains 
at those three locations was 1.27:1, 1.17:1 and 1.17:1 raspectiroly. 

This indication of a prlnarily tensile load is erident throu^oat 
the test of Panel 1. 

Rowerer Panel 2 shows a wide difference in strain readings at 
correspondiac locations on oppesite sides of the panel in the center 
section. On Panel 2 ga^es 10 and 29, 11 and 30, 12 and 31, 13 and 32, 
and 14 and 33 were located in corresponding locations on opposite sides 
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of tho plftto. liefvroQco to rifures 211 tnd !IU will snev thot tha*»o 
wore iocotod in t^e ^icdlo Motion of tbo epsn b«tv««i the .onfi- 
tttdlnju atiffonori. T!W atrclno on tho concave side of the panel (r«(oo 
10 - li) reached very nlfh atrain valuee (up to 10,000 Bicro-inchaa per 
inch at 140,000 pounda load) viiile the ga^ea on the conv«> aide showed 
eoBpreaaive etraina at flrat and eventcially ten^ile » train* of aoall 
magnitude (aae Table XVIII). A grel^deal re/reaentatlcn of t^e altuation 
can be aeen on FlgureXVIII where thee# principal atrain readii^e ere 
plotted aa croaaaa eo the unatiffened aide and triaaglea on the etiffened 
aide. Tbeee e>tr«aiea of atrain, pariicolerly evident on Panel t eere 
not eonaidei*ed in the pre;*aratlon of the unlfona atrain eurves. 7* cre- 
fore we .uat conclude that etreiaa in eaceea of t>to*e detersined for 
Panel 2 do exist on one surface of plate. T^cm atx^na are in the 
region of the laaaepported e:<an between iot^itvwliiua. ^tiffeetra on the 
concave aide. *owever the reglone of tiigheat etraln were determined to 
be near the longttddinal atiffenex^ wh*re it waa found that the elrein 
readings on both •idea ef the p**ei were of toe aaaM order of aefnitd^. 

Ve nay then regal'd tha croaa^aeotional area through the plate ever Which 
high Btraina were obtained ae being triangular in shape. The two eidas of 
tha panel a*air tha iMaitudlnal •tlffenara provida two verticaa of tha tii- 
angla and tha conoava alda of tha panel in the middle taction of the span 
batvaan longitudixial atlffanera providea tha third. 

1.2 Bowl,n^ yf Tren^ vrrM &Uff«nnn 

Tha bowing of tha traniversa atiffanera of Panal 1 aa daacrlbed in 
paragraph 2.7 is balieved to have been oaueed by the action of the pulling 
aanbera under load. Tee bowing of tho horlaontal poxi-lon of tho ptil..lng 
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n«Bb«r caused tt;e ends of the t*st sactlon to %ov» towaitl one another, 
thus forclag the transTerse stiffeners to bow. Durln^i the test of 
Panel 2 the horizontal portion of t..e pulling aeebor did not bow as 
auch ae on Panel 1 and the resiiltlng bowing of the transTerse stiff- 
eners was noticeably leas. It is coneidered that aore unifona loa<t- 
inf could be obtained b; redesign of the pulling aeabers so as to re- 
duce the anount of bowing in the horizontal pox^on. 

4.3 Discussion of Onlfom wtmin Cgrree 

4.3*1 The $00 micro-inch per inc.. uniform strain curres. 

(Figures mill and mvill) . 

At low magnitudes of rtrain any effect that the distortion of 
Panel 2 had on the strain pattern is not discernible, strain patterns 
for Panels 1 and 2 appear to be about the seme, eseentially a uniform 
strain across the center of the panel. 

4.3*2 The 1000 micro-inch per inen uniform ati^n carves. 
(Figures miV and zXJVIIl). 

Panel 1 continues to indicate a uniform atrain pattern across 
the center of the piste. The unfairness of Panel 2 appe*ra to h*eve 
coomenced to markedly affect the strain distribution. The plotted 
strain ceareat to atiffener increaaed to 3000 micro-inches per inch 
end to 4000 nearest to the other stiffener. 

4.3.3 The 1500 micro-inch per inch uniform strain curves. 
(Figures .UlT and >Jm) . 

Figure XXI? still continues to show uniform strain across the 
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center except for the point et station 18* Rarerence to Figures 
XXIT and XTI shows the possibillt/ of an error In obtalnlxvt this 
point. The Tal«ie of the center of plate point would be greatlj 
altered by a slightly different «ean strain curve drawn through the 
known points. Because of the paucity of points the curve is cot 
known with each accuracy so it was not considered Justifiable to 
alter the previously construct#d curve. 

The strain pattern ef i'anel 2 (figure XXXli) assuaes an 
extreaely interest ln|; shape when coapared with the transverse section 
thro«d;h the center of the panel (flffure XI). The siailarity of the 
two curves is quite noticeable. The points of ainiaua strain corrss* 
pood to the points of aaxlaua deflection, and the highest strains are 
found adjacent to the leagitudinal stiffeners. 

4.3.4 The 2000 aicro>ineh per inch unifora strain curves. 

(Figures XXXYI and XL). 

The unifora etraia curve for Panel 1 reaches a high point at 
station 18. Since a value for station 30 corresponding to this value 
of edge strata was not available (see Figure XXT), the iapreseion ie 
gaiaed that strain Is Increasing as it approaches the stiffener at 
atation 21. It is prebable that station 20 would be more in line 
with the other stations, and thas expose the ; oint at station 18 as 
bsing in srror, as was Indicated in paragraph 4.3 

The strain pattern for Panel 2 retains the saae shape and 
elailarity to Figure XI at was noted for the 1500 alcro^inchee per 
square inch unifora strain curve. 

Sete the extremely high strain, and correspondingly large stress near 
the stiffeners while the bulged portion etlll does not carry its full share 
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It !• not considored practical for the aathora to coaa to 
aagr qoantltatlra conclutlona on tba baali of the two aaoplea teated. 
Panel 1 vaa teated to obtain ipeneral information and to help find 
the moat saitahle location for gacea for future teata. The g»g 9 
locationa for Panel 2 are conaldered to hare information to 

more accurately prepare the plote needed for the analyaie. The 
reaulte aippear to confirm that atrain and atreaa diatrihation ia 
related to the plate diatortion aa vaa hypotheaized at the commencement 
of thia work. Thia relationahip ia particularly amphaaized by the 
reaulta of the teat of Panel 2. The Irregular contour of the panel 
and the atrain picture at high loada which follova that contour 
land credence to the hypotheaia. It ia hoped that future invaa- 
tigationa will quant i tat irely develop the relationahipa which 



appear to exiat 
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T1 RECOMMSmUTIOKS 



Th« work on this project ha* onl/ begun If the tjrpe of reeulte 
enrleloned are to be achleTed. Th*refox« the following recoaaenda- 
tlons for future work are euggested: 

6.1 ▲ plan* eaaple should be tested with aore strain gages 
located In the center section and along the edge. The results of 
the test of Panel 1 Indicate that sjraaetr/ was not present and that 
bending did occur, la addition aore points are needed In order to plot 
the rarlatlon of strain across the plane panel with sufficient accuracy 
to prepare the cross-curres. 

6.2 More saaples, with rar/lng degrees of bulge, and erentuallj 
rarylng aspect ratios, should be tested. 

6.3 The posslbllltj of aodlfylng the design of the pulling aeabers 
to obtain a aore xmlfora load oondltloa at the edges should be Inrss- 
tlgated. The possibilities of using thicker gusset plates and/or a 
stlffer horlsontal steaber are suggested. It should be realised bowerer, 
that the basic problem of obtaining unlfora tension along the edge of 

a plate, using a aachln* which sssentlallj glres a point load source 
aay nerer be fullj solred. 

6.4 The us* of an orerall etraln aeasurement, such as can be ob- 
tained bj us* of a Berrj Oag* (or slallar aechanlcal strain Indicator) is 
suggested. This reading should be taken orer the length of the test 
section In the longitudinal direction. This strain can then be coapared 
to the strains obtained bj the SR-4 gages. The possibility of using 
those Berry Oag* readings to construct the unlfora strain cunra should 

be considered. 
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Barry Cage raadln^a war* takan enuring the test of Penal 2 et stations ■ 
3> 12, and 21 batwaan points located on the r.oriaontal poisons of the f 

pxLllln^ eanbars using a gaga lan^tb of l4~l/4 Inches. The strains caterainad * 
frost thaoa readings were consiatantly larger than corresponding strains 
obtained froa SIt-4 gage readings. It was fait that tnese inaccuracies 
were Introduced by the strain in the weld natal joining the test lectlon 
and pulling aaaber so the Barxy Gage data was not ussd. 

6.5 Tha usa of strain gagas on the flangaa and webs of tha longi- 
tudinal atiffanerB is also racosatandod. Vsrlflcstlon of the test data 
could than be Ba»la by Intagratlng tha stress curras for both the center 
and loaded edge portions of the test section. Tha resulting values of 

lead should oorraspond and aheuld agraa with tha load iB^osad by tha testing 
machine. Such data takan only on tha outslda of tha flangaa was Insufficient 
to Bske this proceduro possible for the test of Panel 2. 

6.6 The ultlnate fora of the results is seen as a plot of dlaen- 
slonlasa bulga (bulge aegnitoda dlvldad b; p..ata tMcknasa) versus a 
■tress concentration factor. This factor would be the •axlaxai stress 
existing in the plate divided b the uni fora atreas along tiia e<igt. A 
third paraaator could conceivably be aapaot ratio. 
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Table I SR -4 Indicator Reading* 
(Micro Inches per Inch) 



Panel No. 1 



Zero Reading 29 iPPO Poun^P 
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Table I SR-4 Indloator Readings 
(Micro Inches per inch) 



Panel Wo, 1 



40,000 Pounds 60,000 Pounds 



A 


B 
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Axle 


Axle 
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Alls 


Ailf 
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Table i SR-4 Indicator Readings 
(Mloro Inches per Inch) 



Panel No. 1 



80,000 Pounds 



100,000 Pounds 



Gage 

No. 


A 

Axis 


B 

. A2ls 


C 

Axis 


A 

▲zls 


B 

_ Axis 


C 

Axis 


1 


6450 


7750 


6270 


6620 


7910 


6220 
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7190 
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7120 


8310 


7930 


6740 
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Table i InClrator Han'lnce 

(•'lor') lnch<'n jter Inch) 



Panel No. 1 _ 





120,000 


l 4 n,ooo PoundG 


«Rg« 


A 

Ax 1 n 


}| 

Arli. 


c 

Axli . _ 


A 

till II 


B 

Ail#, 


G 

. Axil. . 
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eoeo 
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10410 
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6450 
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Tuble II - R-4 Indicator R^adlngi 
(Micro Inches per Inch) 



Panel Mo. 2 



Up, 000 Pounds 60,000 Pounds 



flape 

No. 


A 

Axis 


B 

Axl 0 


C 

Axis 


A 

Axl0 


B 

Axis 


C 

Axis 


1 
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6830 
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Table II SR-4 In<^^cator Readings 
(Micro inches per Inch) 





Panel No. 


2 




80.000 Pounds 


100,000 Pounds 


Gage 


ABC 


A 3 C 


No. 


Axis Axis Axis 


Axis Axis Axis 
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7850 


7000 


4720 


2 


7570 


3740 


5590 
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8540 


7950 


5940 
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8680 
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5430 


4730 


8 


8030 


6920 


7150 


9 


7690 


6180 


4810 


10 


A-1790 


9400 


6310 


11 


9050 


7880 


6230 


12 


A-2180 


9330 


4480 


13 


9630 


7270 


4850 


14 


10270 


6710 


6190 


15 


10570 


8190 


4860 


16 


6600 


7040 


4020 


17 


7470 


6840 


5650 


18 


8600 


8140 


6060 


19 


A-3I8O 


8580 


6130 


20 


7320 


5320 


6100 


21 


5540 


5280 


6010 


22 


6460 


7630 


8340 


23 


- 


- 


- 


24 


7410 


5560 


6940 


25 


6540 


6210 


7370 


26 


6100 


6420 


8180 


27 


6010 


4580 


5500 


28 


5530 


5380 


6120 


29 


3820 


5310 


5210 


30 


4750 


6680 


7690 


31 


4670 


4460 


7220 


32 


7120 


6180 


7380 


33 


5500 


6280 


6270 


34 


7450 


8450 


6060 


35 


4380 


4850 


6650 


36 


7380 


4760 


6630 


37 


5910 






38 


6080 






39 


7450 






4o 


6730 






41 


6510 






42 


4650 






B1 


0.359" 






B2 


0.265" 






B3 


0. 249- 







8040 


7O8O 


4720 


7750 


3840 


5580 


10110 


5820 


8480 


9250 


8070 


4620 


7400 


6340 


3120 


9630 


6910 


7610 


8790 


5480 


4710 


8430 


7000 


6970 


9160 


6860 


4710 


A-3460 


10200 


6320 


0430 


8000 


5890 


A-4680 


10470 


4370 


A-1330 


7910 


4780 


A-3110 


7330 


5840 


A-2550 


8750 


4680 


7160 


7180 


4740 


7600 


6850 


5620 


8850 


8200 


6090 


A-5200 


9780 


5840 


7530 


5460 


6090 


5730 


5410 


6040 


6620 


7700 


8340 


7660 


5850 


6950 


6910 


6090 


7110 


6210 


6460 


8180 


6130 


4590 


5540 


5680 


5420 


5930 


3870 


5250 


4900 


5160 


6910 


7680 


5160 


4560 


6920 


7400 


5970 


7160 


7690 


7230 


5940 


9080 


9450 


5980 


4470 


4830 


6620 


8360 


5010 


6210 



5^Z0 

6030 

7570 

6750 

6490 

4750 

0.335" 

0 . 216 - 

0 . 216 - 






f ^>00 ) •• f » • r. 4 II ♦ tHf fcT 











c 


t>»»e 






(M^t 


OiA^ 


5CX'' I 


CSd«i 


(i^(*d 




Ollt 


0*4 


o6»r 








Qr^'i 


aAu^ 


noi’j*. 


ohb 


g ' .r 


0':^- 


rcv‘ 






G^{6 


confix 


y^-0 




4jO(* 1 

OV^' 


•VJkf* 

ft^- 


o«7^ 


fvX'r 




ilw • 


C: t 


'"tr— A 


-ft>4i 


ci-n 


^la-i 


s^^ii 


O' .fT 


odr*" 


C“v'ic 




aCr3^ 


OMo 


0'3^i 




0 •::r 


■•v^-c-# 


ut»f^ 


• 


OCc"^ 




or<»L 


0t.v< 




ni'ivr 




pe?6 




.•^ J>V 


or :'^ 




' 19^ 


tau^v 


n't*;^ 


c rt ') 




c?u 


O.^T 1 


-*.^c 


otfe 




<*<A* 


'JC it 




C>fl?>V 


Oi<"5 


o^n 


MiC ^ 


0^,?i> 


(- 1.2 


Di;v 


c^f^: 


004^' 9 








n;.s 




r ”'.10 






cr* ^ 


>UA 


^!Oj“ 


r •^* 






c-{r : 






o^ej 






Or*r 0 






"'a.o 

•^\ .* 

• \Li J 



6 


- ^pj®i 






'h 


« “ 








•LiXi 


.C- 


C£9^ 


recs 


OtC9 


I 


00^^ 


tss.. 


09<9 


S 


0^*99 




t 


ce^ 


C9rt9 

'"dv,* 


c^ce 


a 


ofe'C 


0C^8 


•n 

t 


C€?3 






3 


CC9^i 


oe*^c 


•SOdo 


s' 


0^19 


Ol^'d 


0^08 




'U541 


oan 


00o9 


p 




C0‘f9 




Of 




Oii^V 


OdOO 


XX 


09l?>4 


Gf -P 


OSIS'A 


d.x 


Of 4>4 


ovfs 




r .' 


wc*> 


<s:7:i 


rruci 


*ir 


cJ6*i 


O^Of 


09 I 


?r 


0-£^ 


^iV 


rc*^d 


3l 




CUi^^ 


or*49 


91 


O '.'r ,> 


Cw4.rr 


■•>669 


‘.'X 


or f -s 


x'a^c^ 


n&xr-.4 


<?I 


nOlf 


-'S£? 


0699 




%1IC;-S 


OASd 


04? d 


rs 


0 


G9>t 




!?.S 


.. 


- 


~ 


C' 






on'9 


•'i 


f>? 




oc^d? 


is 




.*50 1' '♦ 




OCc? 


ce^it- 


OIO-. 


9S 


^fia 


OKI 


oci^ 


«5 


O^j-d 


ortl 


os6; 

0?94^ 


OS 




C*: >0 


OC 


C%S9 




09 34 


It 


c4;:9 




0S.C9 






OfSd 


OCdd 


C-: 


0'’0® 




04U9 


4^c 




Ode;* 


0?t^' 


u 


' A 


f ^9^ 




N 

Os. 






Oi«? 


er 






o:cJ 


JC 






o^»>9 


pf 






'’W 


* tf^ 






f»X?A 


(■’ 






0§3^ 


^jS 








‘a 






•?3S .'‘* 


a’ 






.f^ 


i- 






Table II SR -4 Indicator Readings 
(Micro Inchea per Inch) 



Panel No. 2 




120.000 Pounds 


l^O.OOO Pounds 



Cage ABC A B C 



No, 


Axis 


Axl fl 


Aj?la 


Axis 


Alls 


Axis 


1 


8260 


7200 


4720 


8500 


7330 


4720 


2 


7990 


3930 


3330 


8190 


3960 


5460 


3 


A-268O 


9930 


3380 

4510 


A- 49 80 


11800 


A-950 


4 


10180 


8600 


A-2870 


9340 


3950 


5 


8830 


6870 


3040 


10600 


7610 


2780 


6 


9910 


7020 


7640 


10120 


7130 


7680 


7 


9030 


3310 


4650 


9370 


5710 


4530 


8 


8920 


7070 


618O 


9520 


7130 


6570 


9 


A-1320 


7360 


4590 


A-2300 


8040 


4490 


10 


A-5000 


10780 


6370 


A-6170 


A-I870 


6400 * 


11 


9990 


8320 


3310 


A -2100 


9190 


4910 


12 


A-8160 A-2520 


4050 




A-3820 


3250 

4810 


13 


A-2430 


8440 


4780 


A-4470 


9280 


14 


A -7120 


9080 


5140 


A-9930 


9980 


4690 


13 


A -3940 


9450 


4490 


A- 5360 


9980 


4 j 00 


16 


7790 


7320 


4520 


8390 


7430 


4250 


17 


7780 


6860 


3370 


8040 


6890 


5300 


18 


9140 


8270 


6130 


9490 


8390 


6190 


19 


A-6860 


A-0300 


3430 


A -8720 


10310 


4960 


20 


7790 


3630 


6060 


8130 


5820 


3990 


21 


3930 


3380 


6140 


6200 


5790 


6260 


22 


6830 


7690 


8280 


7490 


7790 


8070 


23 


- 


- 


- 


- 


- 


- 


24 


8110 


6190 


6890 


9780 


6760 


6410 




7730 


6150 


6950 


9030 


6410 


6750 


26 


6420 


6490 


8160 


6940 


6510 


8070 


27 


6290 


4630 


3590 


6450 


4670 


5610 


28 


6100 


3470 


3690 


7080 


5670 


5440 

hU 20 


29 


4330 


3470 


4650 


5470 


6000 
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6320 


738O 


7610 


9270 


8650 


7630 


31 


6620 


3220 


6370 


10570 


7290 


3870 


32 


8040 


6050 


7100 


9930 


6360 


6850 


33 


A-2030 


8930 


5400 


A -4830 


9860 


5020 


34 


10610 
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5890 


A-2500 


10510 


5740 


33 


4540 


4780 


6600 
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4690 


6580 


36 


9330 


3330 


3330 


10580 


3730 


5410 


37 


3980 
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6020 






6080 






ll 
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7040 
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▲PPBDIX 1 



Oftleulatlonn of Prloolpal Stralna 
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TABLE III 

Caloul»tlon of Principal Strains 



Panel No. 1 Load 20.000 pounds 



A 


B 


c 


D 
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A ?.xl8 


B axis 


C axis 
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Jtrain 


•train . 
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TA3LE III (continued) 
Calculation of Principal Strains 
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TABLE IV (continued) 
Calculation of Principal Strains 







Panel No. 
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Calculation of Principal Strains 
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TA 3 LE V (oontlnuert) 
Oalouletlon of Principal ^trains 





Panel No. 
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TABLE VI 

Calculation of Principal ^trains 
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TABLE VI (continued) 
Celculetlon of Principal Strains 
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TABLE VII 

Caloulutlon of Principal Itralni 
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TABLE 'II (Continued) 
Galoulatlon of Principal Strains 
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TADLL VIII 

Calculation of Principal Straine 
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TABLE III (continued) 
Cftlouletlon of Principal Strains 
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TABLE IX 

CalculMtlon of Principal Strains 



Panel No. 1 Load 14Q.00Q pounaa 

B S 2 £ 

A axis B axis G axis 

£i£&lA tlZMXM ElXiin 











A-D 


1260 


0910 


-0260 


500 


760 


6870 


4380 


-1080 


2895 


3975 


2150 


0770 


-0320 


915 


1235 


6640 


3030 


-1630 


2505 


^135 


8770 


2950 


-2770 


3000 


5770 


9500 


2950 


-3710 


2895 


6605 


2090 


0660 


-0870 


610 


1480 


0880 


0780 


-0150 


365 


515 


2320 


0435 


0040 


1180 


1140 


6290 


2500 


-1480 


2405 


3885 


3760 


1210 


-0650 


1555 


2205 


1210 


0110 


-0230 


490 


720 


1230 


0430 


-0180 


525 


705 


6190 


3320 


-1440 


2375 


38 I 5 


4510 


1790 


-1180 


1665 


2845 


5700 


1230 


-0810 


2445 


3255 


1585 


0600 


-0460 


562 


1023 


1290 


0510 


-0270 


510 


780 


i 860 


0780 


0240 


1050 


810 


8790 


3210 


-3285 


2752 


6040 


7830 


2880 


-2600 


2615 


5215 


6170 


2210 


-1260 


2455 


3715 


1110 


0970 


0385 


748 


362 


0940 


0030 


-0250 


345 


595 


1270 


0310 


-0360 


^55 


815 


3690 


1120 


-0450 


1620 


2070 


0975 


0420 


-0160 


408 


567 



'I 







ik'T-!/. .- hucJ 


£ ..-?( Iftcfl ^ 






. : 0 


_....__ Jf _ 


A 






fcUiTT 


• f 6 


M f».» M PXn’) 






a/m%. 


jLtiSii-. 


^ QlniH -z’L 



XfLt.^JLl 



CiiS 


oce 


Cd»uO- 


ox^c 


Ob^l 


X 


tvrt 


i;a* 


OPC-I- 


o^c<‘ 




s 


its.1 


?X5> 


Ci<o- 


OS’S'O 


C5Xi 


C 




^C‘ii 


OfSi- 


CZOt 








o<;oc 


CSS'S- 




OSSS 




Ll^ 




orrr« 




00(7 




ojiiH 


rih 


os'^-c- 


''•dbo 


090 s 




til 


IK 


f^io- 


CHSO 




8 


owx 


WfX 


O*»O0 


ir^G 


cs5;s 


:> 


iCPz 


C04»S 




oc?s 


CfSd 


OX 


IQ%2 






OLCi 


o^sc 


XX 


otiv 


0'’’t» 


^t.o- 


OXEO 


OXS.X 


i;x 




ise 


0 -rc- 




0£\J 


cx 


cxSc 


ars 




c's;:: 


OCX> 


;^X 


c^92 


y^L 


05X1- 




OL?* 


'ex 






Cf-iC- 


C”SX 


00^1 


dx 


C-A‘X 




o-^\o~ 


ockNc 


itu 


^x 


0£V 


oil 


OVlaO- 


ox?o 


ccsx 


8X 


cm 


ciit: 


j^;o 


or so 


oaar 


PC 


0<)rd 


tlS'i 




oztz 


GOr-A 


OS 


ll^t 


<ir6s 






o?;t:s 


£S 


ilS^ 




orsE- 


CXJS 


CSX? 


SS 


s^c 




£Seo 


os<^<* 


OXIX 


re 


?^e 


iK 




CCCO 


0*!J»0 


as 


as 


tl*^ 


Of^^O- 


CXCC 


CVxI 


a 




*‘CM 


0^k*c- 


CS/.X 


oooe 


^*1 




BC».A 


OdXC- 


OStiO 




s-s 



TABLE IX (Continued) 
Caloulfltlon of Prlnolpal Strains 
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TABUC I 



Caloulatlon of Principal Strain* 
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TABL5 X (continued) 
Calculation of Principal Strain* 



raaal Ko. 2 Load 20.000 pounda 
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TABU XI 

Calculation of Principal Strains 



Panel No. 2 Load 40.000 pounds 



B 



A Axis 
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B Axis 
strain 



C Axis 
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fAJLS XI (continued) 
Calculation of Principal Strains 
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TABLE XII 

Calculation of Principal Strains 



Panel So. 2 Load 60.000 nounds 



A 


B 


C 


D 


S 


A Axis 


B Axis 


C Axis 






•train 


•train_ 


strain^ 












i (A+B) 


A-D 
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500 


360 


-100 


200 


300 


1080 


600 


-160 


460 


620 


710 


60 


-240 


235 


475 


530 


50 


-120 


205 


325 


630 


100 


-70 


230 


300 


130 


0 


-230 


-60 


180 


-220 


-320 


-480 


-350 


130 


280 


70 


-310 


-15 


295 


-320 


-370 


-500 


-410 


90 


-300 


-630 


-640 


-420 


120 


530 


0 


-410 


60 


470 


1070 


550 


-210 


430 


640 


290 


-20 


-110 


90 


200 


700 


350 


-320 


140 


560 



-130 

-100 

530 

140 

-60 

260 



I- ' rJESTAT 

BniB'id’S L'sqiDul'i'i lo nox^.nl0OleO 





8.f^fu;ocT 000.09 i)BoI 


S .0^ lon-B^i 




a 


a 


0 


g 


A 






alzA 0 


bIxA g 


alxA A 






nlBide 




niiiids ©A/r.O 


a-A 


(ff+A) ^ 









571 


68 X 


OX- 


OXS 


0^5 


X 


5X5 


68 X 


05X- 


0X5 


006 


s 


563 


67^ 


08X- 


006 


05XX 


5 


057 


08^ 


07S- 


0X8 


oexx 




oaa 


075 


OGX- 


OGX 


OSG 


6 


575 


6GS 


08- 


08 X 


078 


8 


57S 


60S 


07- 


O^X 


081^ 


7 


55i^ 


6SX 


0X5- 


OG 


086 


9 


058 


06^ 


OOS- 


06^ 


OOXX 


6 


5XG 


6X7 


OOS- 


01^7 


058 X 


OX 


07G 


oea 


085- 


078 


086X 


XX 


5n:x 


680X 


08S- 


06XX 


OS^S 


sx 


5,^XX 


60G 


Oi^S- 


080 X 


060S 


5X 


658 


68S 


076- 


0G5 


OOXX 


^X 


6^8 


6G^ 


065- 


085 


0^5 X 


ax 


OG^ 


08 X 


0X5- 


OSX 


078 


8X 


08X 


OXX 


07- 


OS 


OGS 


7X 


655 


655 


0 


08X 


078 


8X 


OB^X 


08SX 


OSS- 


O&^X 


0^7S 


GX 


55 X 


6XX 


05- 


OSS 


OSS 


OS 


68S 


68S 


OS- 


05A 


066 


XS 


005 


OOS 


OOX- 


085 


006 


SS 












5S 


0S8 


081^ 


08X- 


008 


080X 


i^S 


57^ 


5SS 


0^S- 


06 


0X7 


6S 


6S5 


60S 


OSX- 


06 


056 


8S 


005 


05S 


07- 


OOX 


056 


7S 


08 X 


.03- 


05S- 


0 


OSX 


8S 


05 X 


065- 


08i^- 


0S5- 


OSS- 


GS 


6GS 


5X- 


0X5- 


07 


OOS 


05 


06 


OX^- 


006- 


075- 


0S5- 


XS 


OSX 


osi^- 


01^5- 


058- 


005- 


SS 


07^ 


08 


OXf^- 


0 


056 


55 


0i^8 


05^ 


OXS- 


066 


070X 


^5 


005 


OG 


OXX- 


os- 


OGS 


65 


036 


Oi^X 


0S5- 


065 


007 


35 



051- TO 

001- 85 

055 G5 

OJ^I OJ^ 

05- 
03S 



1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

13 

13 

14 

IS 

16 

17 

18 

19 

30 

21 

33 

23 

24 

25 

36 

27 

38 

29 

30 

31 

32 

33 

34 

35 

36 



TAIL! '"II (contlnuad) 
C»lc\ilation of Principal Stralni 



Paaal Iz.P load 60.000 noupdi 
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Principal Principal 
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0 
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0 


0 
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25 
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80 
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-92 
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-46 
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-240 
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37.6 
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332 
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-100 


50 
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30 
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12.9 
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-484 


85 
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40 
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-7.2 
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20.4 
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Table XIII 

Calculation of Principal Strains 



Paatl lo. 2 Load 80.000 pounds 

A 1 0 D B 



A Axis B Axis C Axis 

strain strain strain 

i (A41) A-D 



510 


300 


-30 


240 


270 


710 


-410 


-160 


276 


435 


1870 


750 


-240 


815 


1065 


1730 


970 


-350 


690 
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1360 
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860 


230 


-40 


410 
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190 


-80 


280 
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-600 
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770 
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30 
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65 
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-600 
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130 
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1026 
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90 

-170 

240 
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TA2L1 Xlll(contlzmed) 
Olculation of Principal Straint 



Panol Wo, 2 Load 80.000 




L 


a H I 


J 


JC 








Major 


Minor 






Principal 


Principal Principal 


I0. 




Itrain 


Strain 


Strain 




B-D 


•> o 1 

(*^4 r“)» Tan i H 


I>fO 


D-0 



iZl 



1 


60 


200 


12.4 


6.2 


520 


-40 


2 


135 


460 


17.1 


8.6 


735 


-185 


3 


-65 


1065 


-3.5 


1.8 


1870 


-240 


4 


300 


1090 


16.0 


8.0 


1780 


-400 


9 


-350 


870 


-23.7 


-11.8 


1440 


-300 


6 


-160 
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-21.6 


-10.8 


900 


-80 


7 


-90 


375 


-13.9 


-7.0 


655 


-95 


8 


-59 
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-4.9 


-2.4 


650 
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9 


25 


1165 


1.5 


0.8 


3070 


-300 


10 


85 


1575 


3.1 


1.6 


2880 
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11 


145 


1360 


6.2 


3.1 


2085 


-615 


12 


-25 


2395 


-0.6 


-0.3 


4470 


-330 


13 


265 


1780 


6.6 


4.3 


3225 
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14 
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-6.6 


-3.4 


1695 
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16 
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1990 
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-8.2 
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16 


-90 


814 


-6.8 


-3.4 


1174 
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17 
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291 


-23.2 
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18 


-239 
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-26.6 


-13.3 


1000 
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19 


39 


2515 


0.8 


0.4 
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20 
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301 


31.0 


15.5 
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-96 


Z1 
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25.8 


12.9 


807 


-67 


22 
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448 


22.3 


11.2 


728 
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23 
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18.7 


9.4 
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25 
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-22.6 


-11.3 
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-461 


36 
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27 
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28 
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34 
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35 


-140 


305 


27.4 


13.7 


435 


-175 


36 


45 


1025 


2.5 


1.2 


1440 


-610 






/III-'' MJK.'t 

aot^* I’ju')? 





i 


.. l_ 


I 










t«4^ 


























i.£jO* 




m-'zte 








-- ^£i 






a t 


0'S/ 

mtl 




«-t 








r\f . 








c.-- 


0S8 


?.o 


A.'.X 


>3S 


03 


X 


ctx- 


e.5v 


*j.& 


X.”X 






c 


OM- 


0\'»I 


6.x 


j .’i— 


y>ox 


eo- 


S 




Oivx 


0.8 


o.^x 


OOOI 


ojs 




!506- 


0^*1 


8.XI- 


V .6X;— 


0V8 


0*56- 


e 




OOO 


S.rx- 


d, •> 


9^ 


Of*X- 


3 




saa 


^.V- 


e.u- 


SY8 


oc- 


T 




cac 


4-. - 


. 




?.e- 


8 


OCr,- 


IVOfl 


8.0 


i .1 


SJXX 


a? 


e 


A-- 


08«r 


1 .x 


X.-:. 


%?ai 


as 


ox 


d£n- 


toos. 


d,v 


Y.fl 


s^rx 


bhX 


xc 


c^_ 


0VV‘ 


6.0- 


cr- 


«ias 


ei- 


*>1 


fi :;_ 


wr>.. 


S.i- 


8.8 


aiv[ 


f-3.‘ 


51 


O- 


B&OI 


A.r- 


s.a- 


■•'-i-ox 


5'' X- 


i'X 




<xfcr. 




J.ax- 


ooex 


c<** - 


ex 


A' i > 




4 ,6- 


6.3- 


*11 


rc- 


ax 


a N- 




*.iX- 




XPc 


ctx- 


vx 


06- 


OOf’l 


X .^I- 


?.80- 




v.«- 


8X 


-^^- 


C»Cii-'' 


p.:'> 


( .0 


2X8S 


6S 


ex 


*f- 


!•“•.' 


C .*.1 


o.xs 


XOfi 


ier 


os 


Vo- 


vg« 


e.»x 


t .t: 




09 £ 


X? 




eSY 


*.xx 


r-.s? 




f>VX 


£; 














us. 


n^- 




».€ 


v.sr 


S>8 


OVC 




ii>- 


xve 


r.::- 


3.C0- 




*<• * *^ — 


a-x 


'v"f *- 


V66 


S...X- 






4iiX- 


8^ 


0«.- 


?0V 


C.’i- 


0. V- 


oot^ 


«wx- 


YS 




aei 


o.'^X 


f .SC 


CMt: 


sor 


8S 


rxz^ 


?!:5- 




8.8 


««x 


.s«i 


9S 






K.8 


C.VI 




ixix 


Of 


''4>Y- 


C'‘«- 


8.d 


f .XX 


va.i’ 


e.^ 


XS 


I'T'.- 


«•>- 


B.W- 


0.66- 


.1V^ 


60>>_ 


-A 


L-'-'i- 


OSSI 


£.1 


£ .a 


SXR 


(T- 






o*^r 


x.a 


•» ^ r 


•331 


W 




c.V,f- 




V. ;x 


».?i- 


eoF. 


0»/- 






CMI 


•■ .1 


e-.:. 


C-OI 




ar 



r*li 



Tabl. XIV 

Calculation of Principal Strain* 



Papal Ho. 2 l^ad 100 .000 round* 





A 


B 


C 


D 


X 


Gaaa 


A Axi* 
atrala 


B Axi* 

*tralB 


C Axi* 

*traia 






Xo. 








i (A4B) 


A-D 



1 


700 


380 


-30 


335 


365 


2 


S90 


510 


-170 


360 


530 


3 


3440 


1280 


-360 


1540 


1900 


4 


2300 


1370 


-410 


945 


1355 


6 


2060 


380 


-580 


735 


1315 


6 


1060 


280 


-10 


520 


530 


7 


830 


340 


-100 


365 


465 


8 


1260 


230 


-620 


315 


935 


9 


3540 


1590 


-400 


1570 


1970 


10 


4550 


2190 


-260 


2146 


2405 


11 


2450 


1000 


-940 


755 


1695 


13 


6970 


3190 


-430 


3270 


3700 


13 


4350 
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2210 


14 
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-1740 


1120 


2860 


16 


4660 


1330 


-730 


1965 


2695 
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2075 
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TABLI XIV (continued) 
Calculation of Principal Strains 



Pfifl ^ rr"di 





_ 9 .. _ 


1 


I 


J 


1 


(Ja^a 

Itot 






An«la 

Principal 

Strain 


Major Minor 

Principal Principal 
Strain Strain 




B-D (1^4 


Arc 

Tan 


k H 


r>f« 


DuQ 



iZi 



1 


45 


368 


7.0 


3.5 


703 


-33 


2 


150 


550 


15.9 


8.0 


910 


-190 


3 


-260 


3000 


- 7.6 


- 3.8 


3540 


-460 


4 


425 


1420 


17.5 


8.8 


2365 


-475 


5 


-455 


1390 


- 19.1 


- 9.6 


2125 


-655 


6 


-240 


581 


- 24.4 


- 12.2 


1101 


-61 


7 


-125 


480 


- 15.1 


- 7.6 


845 


-115 


8 


-85 


936 


- 5.1 


- 2.6 


1250 


-620 


9 


20 


1980 


5.8 


2.9 


3550 


-410 


10 


45 


2405 


1.0 


0.5 


4550 


-260 


11 


245 


1710 


8.2 


4.1 


2465 


-965 


12 


-00 


3700 


- 1.3 


- 0.6 


6970 


-430 


13 


210 


2210 


5.5 


2.8 


4350 


-70 


14 


30 


2860 


4.0 


2.0 


3980 


-1740 


15 


-635 


2770 


- 13.2 


- 6.6 


4735 


-805 


16 


-140 


1180 


- 6.9 


- 3.4 


1730 


-630 


17 


-155 


378 


- 34.3 


- 12.1 


593 


-163 


18 


-315 


665 


- 28.7 


- 14.4 


1280 


-60 


19 


-230 


3670 


- 3.6 


- 1.0 


6550 


-790 


20 


195 


413 


28.3 


14.1 


718 


-108 


21 


210 


515 


24.1 


13.0 


995 


-35 


22 


160 


515 


18.1 


9.0 


875 


-155 


23 














24 


430 


1006 


25.3 


12.6 


1735 


-275 


25 


-425 


1035 


- 24.2 


- 12.1 


1320 


-750 


26 


-leo 


485 


- 21.8 


- 10.9 


795 


-175 


27 


-345 


475 


- 31.8 


- 16.9 


860 


-90 


28 


165 


433 


22.2 


11.1 


343 


-533 


29 


96 


347 


15.9 


8.0 


-308 


-1002 


30 


155 


634 


14.2 


7.1 


899 


-369 


31 


50 


620 


4.6 


2.3 


180 


-1060 


32 


-645 


813 


- 52.5 


- 26.2 


318 


-1308 


33 


-15 


2175 


0 


0 


3420 


-930 


34 


575 


2510 


13.1 


6.6 


4585 


-435 


35 


-190 


380 


- 30.0 


- 15.0 


540 


-220 


36 


15 


1725 


0 


0 


2420 


-1030 






r 

V J 



•/»«£)) vIa JHU* 

e^rjvzui Is noi^^lMOlaO 






1 


t. 


X 


H 


_J) ^ _ 


J 


l?oy;^2 


io(,*^ 

I«Kj 

Ki; *i;*a 


• Xi-T' 
fiiv? i'.ni-«T 






_ JLfflt 




-ft-k; 


H * 


otA 

xt»? 

. t 




Cl -3 



111 



i * — 


£ 0 V 


a,.*' 


c.v 


jai: 


2 A 


I 


!.’I- 


OIV 


f! . S 


e.ac 


06 - 


OCl 


s 




o*v: 


r ,r_ 


•i.v- 


:?ocs 


C»iK*- 


s 


^v^_ 


5 ( 3 «S 


8.8 


s.vx 


Ol^^X 




p 


*•? ' — 


esjs. 


•'■ . 9 - 


I.VI- 


oerx 


€iV- 


a 


fA_ 


xoi: 


. J- 


* .^v- 


XE 2 


Of- 


a 


•UI- 


54^8 


a.v- 


X.’ 1- 


0A9 


'•?JX- 


V 




Or?l 


9. - 


X.-- 




dp- 


f 


or-- 


Oc'.C''. 


e.s 


O.G 


o**ox 


oa 


e 


'■.LC- 




e."' 


0.x 


JJAV 


9^ 


ox 




aa^H, 


x.» 


. .5 


OXVf 




XX 


T-*- 


TVt.« 


5.''- 


r 

> • 4b — 


* 


Or- 


EX 


C>*.‘_ 


OCX;*- 


8.:. 


*.c 


n.a:r 


OX' 


sx 


o»vx- 


08c^; 


O.V 


0.^ 


039S 


Of. 


hL 


w^G- 


ar.vi- 


9.9- 


.'*.:x- 


ovvr 


.'■-.8- 


OX 


oea- 


o*;vi 


*.S- 


v.d- 


08XX 


(AX- 


9 X 


. t»i- 


SQ?. 


X.lJX- 


V.»v_ 


Rvr. 


1 3X-. 


VI 


oc- 


Oi«U 


^.*X- 


V.Oi- 


o96 


i'XS- 


8X 


c*:v- 


or;3-’ 


8.X- 


a."*- 


OVfiS 




*x 




8XV 


I.>Z 


^•.?- 




8€X 


OE 


ife- 


«e 


■'.X 


x.^v? 


9 X 3 


CIV 


XS 


(*^i- 


CVS 


" .e 


i.:x 


4 X 9 


C 3 X 


?S 














SE 


01**- 


5£Vf 


8.1 I 


V' ar* 


acoi 


C»S^ 




0.‘.V- 


■^€CI 


X. .f- 


t.HT- 


9C0I 




«? 


-'.VI- 




e.ox- 


R.xt- 




CAI- 


OS 


•*.g_ 


ow 


I.Cf- 


:m - 


SV.^ 


6*S- 


vs 


<’«- - 


t 


X.IC 




«s^ 


C5X 


85 


C 


rOT- 


0.8 


X.t'X 


V.'.S 




CS 


£0/ - 


ees 


/.V 


. '• L 


»>Ka 




OS 


c^..- 


ihi 


r.-j 


th R 

« 


e*S3 


G.T 


.rs 


i- 


8/V 


I'.a.- 




L'.X8 




s«. 


'.r?- 


OC*A 


0 


c 


avis 


'I- 


•K 






a,- 


T.^I 


oxss 


evn 


>5 


■: -5*- 




O.cX- 


'*.C-V- 


OSS 


0»-'X- 


CA. 




08*' 


• 


0 


cisvx 


sx 


8V 



i. 



TABU ^ 

Calculation of Principal Strains 



Panol Ko» 2 Load 120.000 noundi 
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2430 


6 


1330 
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TASLE XV (contlnu*!) 
Calciilatlon of Principal Strains 



Panal ^To. 2 Load 120.000 pounds 
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TABLS XVI (continued) 
Calculation af Principal Strains 







Panel Vo. 


2 Laad 140.000 neundi 
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StralA Stral» strain 
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